The nuclear multiple chirality in A ∼ 60 mass region is explored by the adiabatic and configuration-fixed constrained covariant density functional theory for cobalt isotopes. The potential-energy curves and triaxiality parameters γ as functions of the deformation parameter β in 54, 56, 57, 58, 59, 60 Co are obtained. It is found that there are high-j particle(s) and hole(s) configurations with prominent triaxially deformed shapes in these isotopes. This points towards that the existence of chirality or multiple chirality in A ∼ 60 mass region are highly anticipated.
suggested in 104, 105, 106, 108, 110 Rh [56] [57] [58] , 107 Ag [59] , and 125,129,131 Cs [60] based on the triaxial deformations of the local minima and the corresponding high−j particle(s) and hole (s) configurations that obtained by constrained CDFT calculations.
As mentioned above, lots of bands with chiral rotation have been identified in the A 80 mass regions. It is natural to examine the existence of chirality in the nuclear system with lighter mass. As a first try, we pay attentions on the A ∼ 60 mass region and select the cobalt isotopes as possible candidates in this paper. Following the same procedures outlined in Refs. [2, 56] , the possible configurations as well as their deformation parameters in the cobalt isotopes 54, 56, 57, 58, 59, 60 Co will be examined by the adiabatic and configuration-fixed constrained triaxial CDFT. The reason for the choice of Co isotopes is that the proton number of Co is odd with the proton already playing a role of high-j (f 7/2 ) hole according to the Nilsson diagram [62, 63] . To establish the chiral doublet bands, one needs only search for the case that neutron plays a role of high-j particle. This makes the chiral configuration become more energy favor, and easier been populated in the experiment.
The detailed formalism and numerical techniques of the adiabatic and configurationfixed constrained CDFT calculation adopted in this work can be seen in Refs. [2, 56] and references therein. In the calculations, the point-coupling density functional PC-PK1 [61] is employed, while the pairing correlations are neglected for simplicity. The Dirac equation
is solved in a set of three dimensional harmonic oscillator basis. By increasing the number of major shells from 12 to 14, the total energy changes less than 0.1% for the ground state of 54 Co. Therefore, a basis of 12 major oscillator shells is adopted. In order to obtain the triaxiality of the local minima on the potential energy curve, the constrained calculations with Q 2 20 + 2Q the proton and neutron levels according to their energies from the bottom of the well. As shown in Fig. 1 , for the proton single-particle energy levels, there is always a hole sitting on the top of the f 7/2 shell in the ground states of the nuclei 54−60 Co due to the lack of a proton with respect to the Z = 28 full shell. For the neutron single-particle energy levels, there is also a hole sitting on the top of the f 7/2 shell in 54 Co, since its neutron number is identical as the proton number. With the increase of neutron number, the f 7/2 shell is filled and the neutron is filled gradually onto the (f p) shell above N = 28. Meanwhile, the deformation parameter β increases gradually from 0.12 at 54 Co to 0.20 at 60 Co, and also the shape changes from prolate at 54, 56, 57 Co to triaxial at 58, 59, 60 Co. Therefore, for these ground states, the proton has already played a role of high-j hole, but there is not high-j particle involved. To search for the possible high-j particle-hole configurations that suitable establish chiral doublet bands, one can excite the neutron from the (f p) shell to the lowest g 9/2 orbital. Such kind of the one-particle-one-hole neutron excitation leads to the valence nucleon configuration with the form of πf Two minima observed in each potential energy curve in Fig. 2 It is worth mentioning that in Ref. [64] , a dipole band with the configuration πf
1 ] was already observed in 57 Co. It is built on the I = 13/2 + state with bandhead excitation energy 5.539 MeV [64] . In the CDFT calculation, the excitation energy of the configuration is 5.790 MeV, which agree reasonably with the experimental value. With the configuration and the corresponding deformation parameters (β = 0.199, γ = 24 • ), the PRM [11, 15, 18, 27] calculation is performed and the obtained energy spectra in comparison with the experimental data (cascade 1 in Ref. [64] ) is shown in Fig. 4 . In the calculation, the moments of inertia are taken as J k = J 0 sin 2 (γ − 2kπ/3) with J 0 = 6.0 2 /MeV and the Coriolis attenuation factor is taken as ξ = 0.9. It can be seen that the calculated results can reproduce reasonably the experimental yrast band, except for the data point at I = 10.5 (which was tentative assigned in Ref. [64] ). The energy difference between the calculated partner bands is about 400 keV. This value could correspond to the picture of chiral vibration motion in the low spin region of chiral doublets. Hence, it is encouraged to further search for the partner band in this nucleus from experiment. 
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−520.39 0.279 27.0 by the adiabatic constrained calculations, the jumps marked by the dashed-lines represent energy-favorable configurations change. In contrast, the smooth β-γ curves for the given configurations are obtained by the configuration-fixed constrained calculations. It should be noted that triaxiality in 54, 56, 57, 58, 59, 60 Co favorable for nuclear chirality appears roughly at
The energies, deformation parameters β and γ as well as the corresponding valence nucleon and unpaired nucleon configurations for the local minima in 54, 56, 57, 58, 59, 60 Co, obtained by the configuration-fixed constrained triaxial CDFT calculations, are summarized in Table I. Although there are no high-j neutron particles for the ground state in 54, 56, 57, 58, 59, 60 Co, we find that the high-j particle and hole configurations are available by single-particle ex- 60 Co. Therefore, all of these nuclei could possibly exhibit chiral rotation characters based on the above mentioned configurations. In particular, in 54 Co, 57 Co and 60 Co, there are two triaxially deformed states with high-j particle and hole configurations. Further experimental efforts to search for MχD in these cobalt isotopes are highly encouraged.
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